In this study we report the effects of sulfated polysaccharides on the ecto-ATPase activity of intact cells of Leishmania tropica. Increasing concentrations of dextran sulfate stimulated progressively the ecto-ATPase activity, but did not modify other ecto-enzymes present on the surface of this parasite, such as 5'nucleotidase, 3'nucleotidase and a membrane-bound acid phosphatase activity. This stimulation was not observed when other sulfated polysaccha rides such as chondroitin sulfates and heparin were tested. It depends on size and charge of the dextran sulfated molecule. When the cells were incubated in the presence of dextran sulfate Mr 8,000; 40,000 and 500,000 the stimulation of the ecto-ATPase activity was 11%; 23%; and 63%, respectively, and the stimulation was not observed when desulfated dextran (Mr 40,000) was used. The effects of dextran sulfate also depend on pH of the medium. At pH 7.5, the stimulation was over 60%, whereas at pH 8.5 only 25%. The effects of dextran sulfate 500,000 on the ecto-ATPase activity was totally abolished by spermidine and partially by putrescine, two polyamines synthesized and released by Leishmania.
Introduction
Infection with Leishmania, a parasitic proto zoan, represents a major health problem in the tropics and subtropics, with -380 000 cases annu ally and 367 million people at risk of infection (Ashford et al., 1992). During their life cycle, the parasites undergo profound morphological changes. Leishmania parasites lead a digenetic life cycle, with the parasites migrating between insect vectors and mammalian hosts. The parasites exist in two forms, as extracellular flagellated promasti gotes in the alimentary tract of the sand fly vector and as obligatory intracellular amastigote within the phagolysosome vacuoles of mammalian ma crophages (Ashford et al., 1992) . Once inside the phagolysosome, promastigotes transform into non-motile, non-flagellated amastigote (Ashford et al., 1992).
Cell-cell recognition and adherence are central processes to many fundamental areas of biology. Surface membrane interactions between parasites and their host cells are of critical importance for the parasite survival, from both immunological and physiological points of view (Martiny et al., 1996 (Martiny et al., , 1999 . Ecto-ATPases are integral membrane glycoproteins that exhibit divalent cation-dependent ATPase activity on the extracellular side oi the plasma membrane. The identities and func tions of ecto-ATPases are the subject of a recent review in which the nomenclature of "E-type ATPases" was proposed to describe these enzymes (Plesner, 1995) . Their physiological role is still un known. However, several hypotheses have been suggested, such as regulation of ectokinase sub strate concentration (Plesner, 1995) , involvement in signal transduction (Dubyak and El-Motassim. 1993) , and involvement in cellular adhesion (Dzhandzhugazyan and Bock, 1993; Kirley, 1997) .
Recently, we have shown that in Entamoeba his tolytica, galactose stimulated a Mg2+-dependent ecto-ATPase involved in the virulence of this para site (Barros et al., 2000) . In this regard, it has beer shown that a 46-kDa lectin isolated from root ex tracts of legume Doliclos biflorus is a Nod factoi binding protein as well as a nucleoside di-and tri- (Mor rison and Ryan, 1987; Lynn and Golenbock, 1992) . In vertebrate blood cells the biological responses to LPS involve the increase of adhesion capacity (Lynn and Golenbock, 1992) , whereas in endothe lial cells, LPS treatment modifies pH-and cationdependent ecto-ATPase activity, increasing the Mg-dependent ecto-ATPase activity (Kittel, 1992) . Several studies have already demonstrated that sulfated polysaccharides interact with components of the plasma membrane of the parasite enhancing the process of invasion of the host cell. It has been shown the importance of glycosaminoglycans and glycosaminoglycan-binding proteins for the in teractions between Leishmania donovani (Chakraborty and Das, 1988; Mukhopadhyay et al., 1989; Butcher et al., 1990 Butcher et al., , 1992 as well as Trypanosoma cruzi (Ortega-Barria and Pereira, 1991) and their mammalian target cells.
A previous report from our laboratory has shown a Mg2+-dependent ecto-ATPase present on the external surface of Leishmania tropica (MeyerFernandes et al., 1997) . In this study we investi gated the effects of sulfated polysaccharides on the ecto-ATPase activity of L. tropica.
Material and Methods

Growth o f Microorganisms
L. tropica stock IOC-L 571, from a WHO collec tion, was provided by Dr. G. Grimaldi Jr. (Funda-?äo Oswaldo Cruz, Rio de Janeiro, RJ, Brazil). The parasites were cultured as promastigotes in Schneider's Drosophila medium (GIBCO, Grand Island, NY), supplemented with 10% fetal bovine serum (GIBCO) at 24 °C (Lopes and McMahonPratt, 1989) , and were harvested at the stationary phase of growth. Five days after inoculation, cells were collected by centrifugation, washed twice, and kept in 50 m M Tris-maleate, pH 7.5, 20 m M KC1, 100 m M sucrose, and 20 m M glucose. Cellular viability was assessed, before and after incubation, by mobility and Trypan blue dye exclusion (Dutra et al., 2000). The viability was not affected under the conditions employed here. Protein concentra tion was determined by the method of Lowry et al. (1951) using bovine serum albumin as standard.
Ecto-ATPase activity measurements
Intact cells were incubated for 1 h at 30 °C with gentle shacking (40 oscillations/min) in 0.5 ml of a mixture containing, unless otherwise specified, 50 m M Tris-maleate, pH 7.5, 5 m M ATP, 5 m M MgCl2, and 1 mg/ml of protein which corresponds to 2.2 x 108 cells/ml. The ATPase activity was de termined by measuring the hydrolysis of [y-32P]-ATP (104 Bq/nmol ATP) (Bernardes et al., 1997). The experiments were started by the addition of living cells and terminated with 1 ml of a cold mix ture containing 0.2 g charcoal in 0.1 m HC1. The tubes were then centrifuged at 1500 x g for 20 min at 4 °C, then 400 |il of the supernatant were added to 9 ml of scintillation liquid (2 g PPO, 1 g POPOP in 1 liter toluene) and counted in a liquid scintilla tion counter. The ATPase activity was calculated by subtracting the nonspecific ATP hydrolysis measured in the absence of cells. ATP hydrolysis was linear with time under the assay conditions used and was proportional to the cell density. In the experiments in which other nucleotides (5'AMP and 3'AMP) were used, the hydrolytic ac tivity measured under the same conditions de scribed above was assayed spectrophotometrically by measuring the release of Pi from the nucleo tides (Lowry and Lopez, 1946) . The values ob tained for ATPase activities measured using both methods (colorimetric and radioactive) were ex actly the same.
Phosphatase activity measurement
The ecto-/?-nitropenylphosphatase activity was determined in the same medium for ATP hydroly sis except that ATP was replaced by 5 mM p-nitrophenylphosphatase (p-NPP). The reaction was ter minated with 1 ml of 1 n NaOH. The released pnitrofenol (p-NP) was determined spectrophoto metrically at 425 nm using an extinction coefficient of 14.3 x 103 m -1 . cm-1 (Dutra et al., 1998).
Reagents
All reagents were purchased from Merck S. A. (Säo Paulo, S. P.) or Sigma Chemical Co. (St. Louis, MO). [y-32P]ATP was prepared as de scribed by Glynn and Chappel (1946) . Distilled water deionized by the MilliQ system of resins (Millipore Corp., Bedford, MA) was used in the preparation of all solutions. 
Results and Discussion
In invertebrate blood cells the biological re sponses to lipopolysacharide involve the increase of aggregation and phagocytosis (Lanz-Mendoza et al., 1996), as well as the increase on ecto-ATPase activity (Meyer -Fernandes et al., 2000) . Sulfated polysaccharides are found at the extracellu lar space of different animal tissues, but their physiological role is poorly understood (Kjellen and Lindahl, 1991; Hardingham and Fosang, 1992; Yanagishita, 1993 1990 Ortega-Barria and Pereira, 1991) . The objective of this work was to study the effect of sulfated polysaccharides on the Mg2+-dependent ecto-ATPase of Leishmania tropica. Fig. 1 shows that dextran sulfate Mr 500,000 stimulated the Mg2+-dependent ecto-ATPase ac tivity in a dose-dependent manner (open circles). This effect was not observed when dextran sulfate was replaced by other sulfated polysaccharides, such as heparin (closed circles), Condroitin 4-sulfate (open squares) and Condroitin 6-sulfate (closed squares). This effect is dependent on size and charge of the polysaccharide (Fig. 2A) . Other sulfated dextrans with lower molecular weight and desulfated dextran were less efficient to promote stimulation of ecto-ATPase activity. When the cells were incubated at pH 7.5 in the presence of dextran sulfate Mr 500,000 (open circles); Mr 40,000 (closed circles) and Mr 8,000 (open squares) the stimulation of ecto-ATPase activity was 63%; 23%; and 11% respectively. This stimu lation was not observed when desulfated dextran Mr 40,000 ( Fig. 2A, closed squares) promoted by dextran sulfate also depended on the pH of the medium. As shown in Figure 2B , at pH 7.5, the stimulation was more than 65%, whereas at pH 8.5 the stimulation was only 25%. These results suggest that protonation or deproto nation of side-chain groups could be involved in the reversible binding of dextran sulfate to the ecto-ATPase. Recent reports have shown that sulfated poly saccharides including dextran sulfate, modulate different intracellular ATPases. These polysaccha rides are able to uncouple Ca+2-ATPases from sar coplasmic reticulum, blood platelets and brain microsomes (De Meis and Suzano,1994; Rocha et al., 1996 Rocha et al., , 1998 , and these effects are antagonized by polyamines (De Meis and Suzano,1994) . Polya mines, particularly spermidine, spermine and putr escine, are ubiquitous components of eukaryote cells, including Leishmania (Yarlett, 1988; Basselin et al., 2000) , and are essential for optimal cell pro liferation and differentiation (Yarlett, 1988; Bas selin et al., 2000) . In this regard, it has been shown that ATP and other nucleotides stimulate the pro liferation of different cell types, while their metab olism is controlled mainly by enzymes like ectoATPase, ecto-5'nucleotidase and ecto-phosphatases, which are believed to be ubiquitously pre sent on the surface of many cell types (Gordon, 1986; Lemmens et al., 1996; Fernandes et al., 1997; Meyer-Fernandes et al., 1999) . Figure 2C shows that the addition of 1 m M spermidine or putrescine did not have any effect on the ecto-ATPase activ ity, but was able to antagonize totally or partially, respectively, the stimulating effect promoted by dextran sulfate. These polyamines are synthesized and transported by Leishmania (Yarlett, 1988 ; Basselin et al., 2000) and could modulate the effects of extracellular components on this ecto-ATPase.
Protozoa of genus Leishmania have been shown to possess three other distinct phosphomonoesterase activities (acid phosphatase, 5'nucleotidase and 3'nucleotidase) all of which are also localized on the external surface of the plasma membrane 824 C. E. (Gottlieb and Dwyer, 1983; Dwyer and Gottlieb, 1984; Hassan and Coombs, 1987) . Figure 2D , shows that 300 //g/ml dextran sulfate Mr 500,000 stimulated the ecto-ATPase more than 60% of ac tivity, but had no effect on the ecto-phosphatase, 3'-nucleotidase or 5'-nucleotidase activities, show ing that this effect promoted by dextran sulfate is specific for the ecto-ATPase present in this para site. As it has been suggested that ecto-ATPases might be involved in cellular adhesion (Dzhandzhugazyan and Bock, 1993; Kirley, 1997 
